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Fremgangsmade og apparat til maling af overisning 

Den f oreliggende opfindelse vedrorer en fremgangsmade og 
et apparat til lokal maling af en overisningsf aktor for 
5 atmosfasrisk luft indeholdende underafkolet vand. 

Sadanne malinger anvendes specielt men ikke udelukkende 
indenfor luftfart og S0fart, hvor overisning kan udgore 
en vassentlig sikkerhedsrisiko for havari. 

10 

Problemet opstar som folge af nedb0r i form af regn og 
dis, som i underafk0let tilstand har en kendt tendens til 
at fryse sig fast til genstande sasom skrog og maskindele 
pa savel skibe som fly. 

15 

I praksis foretages der derfor under kritiske vejrforhold 
ofte manuelle observationer med henblik pa at danne et 
indtryk af den 0j eblikkelige overisningsf are, saledes at 
fly og skibe evt . kan varsles. 

20 

Et problem i denne sammenhaeng er at denne manuelle obser- 
vation baseres pa et subjektivt skon, og at der derved 
ikke opnas en standardiseret vaerdi for over isnings f aren . 
En varsling baseret pa- et sadant subjektivt skon, vil sa- 
25 ledes vaere behaeftet 'med en del usikkerhed, og den der 
modtager varslingen, kan ikke umiddelbart danne sig et 
sikkert indtryk af ! overisningsf aren, ud over at forlede 
sig pa den anbefaling som varslingen indebaerer. 

30 Fra US patent nr. 4 730 485, og fra NO f remlaeggelses- 
skrift nr. 151 060, kendes der saledes' apparater der er 
indrettet til at foretage en mere standardiseret maling 
af nedborsmaengden . 
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US patent nr. 4 730 485 angiver saledes en stationaer ma- 
leindretning som er indrettet til at male savel vindha- 
stighed som vindretning, men som ogsa. egner sig til ma- 
ling af den aktuelle overisning. 

5 

NO f remlaeggelse nr. 151 060 angiver et stationaert vejeap- 
parat til vejning af en nedb0rsmaangde i form af sne eller 
is, som lasgger sig pa en i hovedsagen horisontal vejepla- 
de. 

10 

Et problem ved disse kendte indretninger er dog at over- 
isning ofte kan forekomme i situationer hvor luften er 
relativt stillestaende , og at den med disse indretninger 
malte over isningsf aktor i sadanne situationer er misvi- 
15 sende idet der kun afsaettes lidt is pa indretningerne . 

Et yderligere problem ved den kendte indretning if0lge NO 
f remlasggelsesskrif t nr. 151 060, er yderligere at anden 
nedb0r end underafk0let vand, vil kunne laegge sig pa ve- 
20 jepladen og derved giver et misvisende maleresultat i re- 
lation til overisningsf aktoren . 

Formalet med den foreliggende opfindelse er derfor at an- 
give en f remgangsmade og et apparat, hvormed der under de 
25 fleste vej r f orhold, og specielt ogsa ved svage vinde el- 
ler stillestaende luft, kan tilve j ebringe et standardise- 
ret maleresultat eller en standardiseret vaardi for over- 
isningsf aktoren . 

30 Dette opnas if0lge den foreliggende opfindelse ved frem- 
gangsmaden if0lge krav 1, eller ved brug af et apparat 
if 0lge krav 7 . 

Fremgangsmaden if0lge den foreliggende opfindelse er sa- 
35 ledes speciel ved at den omfatter f0lgende procestrin: 
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Tilve j ebringelse af i det mindste et f ladeelement som er 
udf0rt i et materiale der egner sig for fastfrysning af 
is i atmosfaerisk luft, hvilket element har et forudbe- 
stemt overf ladeareal, 

5 

temperering af f ladeelementet/f ladeelementerne til en 
temperatur der i hovedsagen svarer til temperaturen for 
den atmosfasriske luft, hvor der derefter skabes relativ 
bevaagelse med en f orudbestemt hastighed mellem den atmo- 

10 sfaeriske luft og f ladeelementet/f ladeelementerne, for- 
trinsvis ved at fladeelementet/ f ladeelementerne bevaeges 
gennem den atmos faeriske luft, og i et forudbestemt tid- 
sinterval, og hvor tykkelsen eller massen af den pa fla- 
deelementet/ f ladeelementerne fastfrosne is derefter males 

15 ved hjaslp af en dertil indrettet maler. 

Herved kan der nemlig opnas pa den ene side at anden ned- 
b0r end underaf k0lede regndraber eller dis, kun vanske- 
ligt kan laegge sig pa f ladeelementerne og pavirke malere- 
20 sultaterne U0nsket, samt at der herved muligg0res at der 
kan foretages relativt n0jagtige malinger af overisnings- 
faktoren ogsa i relativt stillestaende luft. 

I tilf aside af at- det er ■ islagstykkelsen, der males, kan 
25 der for at opna en reprassentativ vaerdi for denne med for- 
del males pa et antal steder, fortrinsvis pa et eller 
flere steder pa hvert': ' f ladeelement, hvorefter vardierne 
kan adderes til en enkelt vaerdi. 

30 Den saledes malte v^rdi for islagstykkelse eller vaegtfor- 
0gelse vil vasre en standardiseret faktor, der indikerer 
en relativ risiko for overisning af f.eks. fly eller ski- 
be i omradet for malingen. Det er klart, at der kun kan 
vasre tale om en indikator for risikoen, da denne selvsagt 

35 vil variere mere eller mindre i forhold til det sted, 
hvor malingen er f oretaget . 
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Fremgangsmaden kan f ordelagtigt ud0ves ved brug af et ap- 
parat if0lge krav 7, hvilket apparat omfatter i det mind- 
ste et fladeelement som er udfort i et materiale der eg- 
5 ner sig for fastfrysning af is i atmos faerisk luft, og 
hvilket fladeelement har et f orudbestemt over f ladeareal , 
og hvor apparatet yderligere omfatter midler der er ind- 
rettet til at bevasge f ladeelementet gennem den atmosfari- 
ske luft med en forudbestemt hastighed og i et forudbe- 
10 stemt tidsinterval, og hvor der yderligere er midler der 
er indrettet til at male tykkelsen eller massen af den pa 
f ladeelementet fastfrosne is efter det f orudbestemte tid- 
sinterval hvor f ladeelementet bevaeges gennem den atmosfae- 
riske luft. 

15 

Ved en fortrukken udferelse for fremgangsmaden sikres 
det, at eventuel fastfrossen is fjernes for en forste ma- 
ling, ligesom den fastfrosne is fjernes fra det enkelte 
fladeelement efter malingen af dennes masse eller tykkel- 
20 se, hvorefter der kan foretages en ny maleproces. Denne 
fjernelse af isen kan f ordelagtigt udfores ved at opvarme 
de enkelte f ladeelementer , enten udefra eller indefra. 

Det er yderligere fordelagtigt af hensyn til at opna ens- 
25 artede maleresultater , safremt der tilve j ebringes en 
overdaakning der straekker sig i det mindste hen over fla- 
deelementet, og daskker og afskaermer f ladeelementet , og 
hvilken overdaakning fjernes fra f ladeelementet i det 
mindste i det f orudbestemte tidsinterval , hvor fladeele- 
30 mentet bevaeges gennem den atmosfaeriske luft med en forud- 
bestemt hastighed. 

Malen0j agtigheden kan yderligere 0ges safremt f ladeele- 
mentet bevasges gennem den atmosfaeriske luft med en ha- 
35 stighed der sikrer at nedbor der ikke fryser fast til 
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f ladeelementet i det vaesentligste slynges af fladeelemen- 
tet . 

For at sikre, at den indvendige side af overdaskningen er 
5 beskyttet . mod at nedbor slar sig ned pa denne, kan denne 
med fordel anbringes saledes i sin anden position, at 
dens inderside er beskyttet mod nedbor. Herved sikres 
det, at nedbor ikke vil kunne dryppe fra overdaekningens 
inderside og ned pa f ladeelementerne, nar overdaskningen 
10 fores ind over disse. 

For at sikre, at f ladeelementerne i det vaesentlige er fri 
for anden nedbor end is inden maengden heraf bestemmes, 
kan disse med fordel roteres i et forudbestemt tidsinter- 
15 val efter at overdaskningen er fort tilbage til dennes 
forste position. 

Ved en specielt simpel f remgangsmade anvendes der i det 
mindste to f ladeelementer der er roterbart placeret pa en 
20 rdtoraksel, saledes at bevasgelsen af de to f ladeelementer 
foregar ved en rotation af disse omkring rotorakselen . 

Apparatet omfatter i en specielt simpel udf orelses f orm en 
ve j eindretning som er indrettet til at veje og registrere 
25 i det mindste f 1 ade el entente ts vaegt for og efter at flade- 
elementet bevasges gennem den atmosfaeriske luft. 

Ved en specielt simpel udf orelsesf orm omfatter apparatet 
en rotor med en rotoraksel, og i det mindste to fladeele- 
30 menter der straekker sig fra rotorakselen og ud fra denne, 
og hvor der er indrettet midler til at rotere rotoren om 
sin akse. Herved opnas at de bevasgemekanismer der tilve- 
jebringer bevaegelsen af f ladeelementerne gennem luften, 
kan udfores meget simpelt og vedligehoidelsesf rit . 
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Apparatet kan dertil af hensyn til yderligere at opna en 
0get malen0j agtighed omfatte en overdaskning som er ind- 
rettet til at indtage en f0rste position hvor den straek- 
ker sig hen over f ladeelementet , og derved afdaskker dette 
5 opadtil, samt en anden position hvor overdaskningen er 
fjernet fra f ladeelementet og ikke daskker dette, og denne 
overdaekning er fortrinsvis indrettet saledes at den i sin 
f0rste position danner et lukket rum omkring f ladeelemen- 
tet . 

10 

For at kunne foretage hurtige malinger efter hinanden, 
kan der hensigtsmaessigt vasre indrettet midler, der dels 
kan opvarme f ladeelementerne for at smelte den afsatte 
is, dels nedk0le dem til tilnasrmelsesvis omgivelsestempe- 

15 ratur. Dette kan realiseres ved at f ladeelementerne er 
indrettet med kanaler, og at apparatet omfatter midler, 
saledes at. luft kan ledes gennem kanalerne, som enten op- 
varmet luft eller luft med tilnaermelsesvis omgivelsestem- 
peratur. Opvarmning og afkeling af f ladeelementerne vil 

20 ogsa kunne ske ved at det under overdaskningen lukkede rum 
opvarmes og af koles . 

Det er 0nskeligt at isdannelsen pa f ladeelementerne er sa 
stor som mulig af hensyn til malen0j agtigheden og maleha- 

25 stigheden, og derfor udg0res f ladeelementet i en forste 
foretrukket udf orelsesf orm af en plade med en forside og 
en i forhold hertil modsat orienteret bagside, og hvor 
pladen er indrettet pa en sadan made at pladens forside 
vender i den retning hvormed f ladeelementet bevaeges gen- 

30 nem den atmosfasriske luft, og hvor der gennem pladen 
straskker sig et flertal af kanaler fra pladens forside 
til pladens bagside, saledes at den atmos f asriske luft kan 
stromme gennem kanalerne fra pladens forside til pladens 
bagside . 



35 



thjs PAGE BLANK (uspto) 



PCT/OK 00 /00094 



I en anden foretrukket udf 0rselsf orm omfatter apparatet 
et system af fladeelementer monteret pa en roterbar akse, 
der er indrettet til at kunne anbringes i en i det vas- 
sentlige lodret position. De enkelte fladeelementer er 
5 udformet og anbragt saledes, at de enkelte fladeelementer 
svarende til deres projektionen pa en flade vinkelret pa 
den roterbare akse stoder op til eller overlapper med an- 
dre fladeelementer, saledes at der ikke er mellemrum mel- 
lem de enkelte fladeelementer, nar apparatet betragtes 

10 oppefra. Herved opnas, at al faldende nedbor indenfor ap- 
paratets udstraekning rammer f ladeelementerne og derved 
har mulighed for at afsasttes som is. Desto st0rre over- 
lappet er mellem de enkelte fladeelementer, under desto 
st0rre afvigelse fra lodret faldende nedbor vil dette 

15 ■ sikres. 

Svarende til hvad der er anf0rt ovenfor, kan fladeele- 
menterne med fordel udformes og anbringes saledes, at de 
enkelte fladeelementer svarende til deres projektionen pa 

20 en flade parallel med den roterbare akse stoder op til 
eller overlapper med andre fladeelementer, saledes at der 
ikke er mellemrum mellem de enkelte fladeelementer, nar 
apparatet betragtes fra siden. Herved opnas, at den atmo- 
sfaeriske luft, .der fores henover f ladeelementerne ved den 

25 relative bevaegelse mellem den atmos faeriske luft og f lade- 
elementerne rammer et fladeelement og derved har mulighed 
for at af saette det indeholdte vand som is . 

Ved udf 0rselsformer som ovenfor anf0rt sikres det, at ap- 
30 paratet kan udformes med de mindst mulige fysiske dimen- 
sioner . 

Apparatet ifolge den foreliggende opfindelse egner sig 
specielt til brug i lufthavne, hvor apparatet fortrinsvis 
35 kan vaere placeret pa j ordoverf laden ved en lufthavn, og 
hvorved apparatet omfatter midler til regis tiering af de 



BLANK 



WPTO) 



PCI/OK 00/00094 



malte resultater af den pa fladeelementerne afsatte is 
tykkelse eller masse, samt midler til visuelt eller audi- 
tivt at give signal til lufthavnens overvagningspersonel 
om maleresultatet . 

5 

Opfindelsen beskrives naermere i det f0lgende under hen- 
visning til tegningen, hvor : 

Fig. 1 til 4 er principtegninger der ved hjaelp af et ske- 
10 matisk repraesenteret apparat viser forskellige procestrin 
if0lge den foreliggende opfindelse, 

fig. 5 er en snitskitse der viser et lodret snit gennem 
et f ladeelement til brug i apparatet ifolge den forelig- 
15 gende opfindelse, 

fig. 6 til 8 viser en forste fortrukken udf 0rsels f orm for 
et apparat if0lge opfindelsen med afdaekningen vist i for- 
skellige positioner, 

20 

fig. 9 viser en anden fortrukken udf orselsf orm for et ap- 
parat if0lge opfindelsen. set fra siden, 

fig. 10 viser et lodret snit gennem apparatet vist i fi- 
25 gur 9 svarende til planet indikeret med B-B, 

.fig. 11 viser en fortrukken udf orselsf orm for et rotor- 
element til brug i forbindelse med opfindelsen, 

30 fig. 12 viser rotorelementet svarende til fig. 11 set op- 
pefra, og 

fig. 13 viser en yderligere fortrukken udf orselsf orm for 
et rotorelement til brug i forbindelse med opfindelsen. 

35 
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Pa fig. 1 ses saledes den principielle opbygning af et 
apparat ifelge opfindelsen, hvilket apparat omfatter et 
hus eller. stel 1, hvori der er anbragt en aksel eller ro- 
tor 2, som baerer to diametralt placerede f ladeelementer 
5 3, og som drives rundt af en drivenhed 4 i pilens A ret- 
ning. Rotoren raed et eller flere f ladeelementer anbragt 
benasvnes ogsa rotorelementet . 

Svarende til den normale drif tstilstand for apparatet er 
10 akselen eller rotoren indrettet til at kunne anbringes i 
en i det vaesentlige lodret position. Nar der i det f0l- 
gende refereres til lodret og vandret er det med henvis- 
ning til apparatet anbragt i en sadan fortrukken positi- 
on . 

15 

Apparatet omfatter endvidere en ve j eindretning 5, som er 
indrettet til at veje f ladeelementerne 3, rotoren 2 og 
drivenheden 4, hvorved en vasgt f oregelse kan bestemmes. 

20 Apparatet omfatter endvidere en bevasgelig overdskning, i 
fig. 1 til 4 vist som en kuppelformet afskasrmning besta- 
ende af to kvarte kugleskaller 6, som; i fig. 1 vises i en 
f0rste position hvor de afskasrmer f ladeelementerne 3 og 
rotoren 2-, og danner et i hovedsagen lukket rum 7 omkring 

25 f ladeelementerne og rotoren. 

Apparatet omfatter endvidere en blaeser 8 indrettet til at 
lede atmosfeerisk luft mod f ladeelementerne 3. 

30 I det pa fig. 1 viste procestrin roteres rotoren saledes 
rundt i det lukkede rum 7, og som folge af at blaseren 8 
danner luf tcirkulation i rummet, bringes f ladeelementerne 
3 til at indtage en temperatur der i hovedsagen svarer 
til omgivelsernes temperatur. 
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Herefter ses der pa fig. 2 et ef terf 0lgende procestrin, 
hvor de to kvarte kugleskaller 6 er trukket tilbage i en 
anden position hvor f ladeelementerne 3 pa rotoren 2 rote- 
res i den fri luft, og hvor der, safremt der forefindes 
5 underafkolet vand i luften, vil afsaatte sig isdannelser 
pa f ladeelementerne 3. Af figuren fremgar det, at over- 
daekningen i dennes anden position befinder sig i huset, 
der med fordel kan udformes saledes, at den indvendige 
side af overdaekningen er beskyttet mod at nedbor slar sig 

10 ned pa denne . Dette kunne i den viste fremstilling reali- 
seres ved at overdasknings kugleskaller f0res ned i huset 
gennem en smal abning mellem husets overside og sidevaeg- 
ge. Ved en sadan udformning sikres det, at nedb0r ikke 
vil kunne dryppe fra overdaakningens inderside og ned pa 

15 f ladeelementerne, nar overdaekningen f0res ind over disse. 

Det pa fig. 2 viste procestrin foretages ifolge opfindel- 
sen i et f oruddef ineret tidsinterval , saledes at der vil 
kunne afsaatte sig en passende maengde is pa. fladeelemen- 

20 terne, og rotoren roteres med en hastighed der pa den ene 
side tager h0jde for at isen ikke slynges af rotoren, men 
hvor evt . anden nedber i form af regn og sne slynges af i 
et passende omfang. Som vist i figuren skal det selvf0l- 
gelig sikres, at overdaekningen kan f0res forbi husets 

25 forskellige strukturer. ' ' * 

Ve j eindretningen kan med fordel udformes med tre vejecel- 
ler anbragt i trekant mellem drivenheden 4 og husets ned- 
re del. Herved sikres en stabil vaegtbestemmelse af driv- 
30 enheden, rotoren, f ladeelementerne og den sig derpa be- 
findende fastfrosne is. 

Efter det pa fig. 2 viste procestrin vises der et efter- 
f0lgende trin pa fig. 3, hvor overdaekningen er f0rt til- 
35 bage til dens f0rste position. For at sikre, at fladeele- 
menterne i det vaesentlige er fri for anden ruedb0r end is 
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inden maengden heraf bestemmes, kan disse med fordel rote- 
res i et forudbestemt tidsinterval efter at overdaekningen 
er f0rt tilbage til dennes f0rste position. 

5 Herefter bringes f ladeelementerne til standsning, og 
vsgtf orogelsen af f ladeelementerne som f0lge af den pa 
disses overflader afsatte is, registreres ved hjaslp af 
vejeindretningen 5, og der kan udfra den malte vaardi ge- 
neres et signal til visning af en overisnings f aktor , idet 
10 der dog ikke pa tegningen vises udstyr hertil fordi et 
sadant udstyr vil vaere naerliggende for en fagmand at ud- 
forme pa baggrund af den foreliggende beskrivelse. 

Herefter vises der et felgende procestrin i fig. 4, hvor 
15 de to kvarte kugleskaller 6 er bevaeget hen over fladeele- 
menterne 3 og afskasrmer disse, saledes at der igen dannes 
det f0rnaevnte lukkede rum 7. I dette procestrin bringes 
rotoren til at rotere, og der foretages en hurtig opvarm- 
ning af det lukkede rum 7 ved hjaslp af blasseren 8 og et 
20 varmeelement 9, saledes at den pa f ladeelementerne afsat- 
te is smeltes og slynges af ved rotorens rotation, hvor- 
ved rotorens 2 og f ladeelementernes 3 samlede vaegt brin- 
ges tilbage til udgangsvaegten . 

25 Herefter kan der fortsaattes med det i fig. 1 viste pro- 
cestrin, og apparatet if0lge opfindelsen er saledes vel- 
egnet til. at foretage gentagne malinger med meget stor 
n0jagtighed under standardiserede betingelser. 

30 Af hensyn til at opna en sa stor malen0 j agtighed som mu- 
ligt b0r f ladeelementerne 3 udf0res med en sa stor over- 
flade for vedhasftning af is som muligt. I fig. 5 er vist 
en udf0rselsform, hvor et fladeelement er opbygget som en 
rist, hvor der ses et lodret snit gennem denne, og hvor 

35 det ses at f ladeelementet , som bevasges i pilens B ret- 
ning, har en forside 13 og en bagside 14, og.hvor der ved 
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hjaelp af vaegge 11, 12 dannes kanaler 10, som straekker sig 
fra forsiden 13 til bagsiden 14. 

Derved danner f ladeelementet en, i forhold til fladeele- 
5 mentets egenvaagt, relativt stor overflade for vedhaeft- 
ning, saledes at der kan opnas relativt hurtig dannelse 
af en passende og malbar maengde is pa f ladeelementets 3 
overflader, og saledes at f ladeelementet hurtigt kan 
bringes til at indtage 0nskede temperaturer ved opvarm- 
10 ningen som vist pa fig. 4 og nedk0lingen som vist pa fig. 
1 . 

Idet de ovennaevnte vasgge 11, 12 er skrat nedadtil forl0- 
bende opnas der pa den ene side at anden nedb0r end un- 
15 derafk0let vand eller dis, med stor sandsynlighed vil 
glide eller flyde af f ladeelementet 3, men derudover at 
underaf k0lede vanddraber eller dis, med stor sandsynlig- 
hed vil afsaettes pa f ladeelementets overflader uden at 
passere hele vejen gennem f ladeelementet . 

20 

De i fig. 1 til 4 viste f ladeelementer er for overskue- 
lighedens skyld vist meget sma, men i en fortrukken ud- 
f0rselsform er de dimensioneret til i det vassentlige at 
udfylde rummet 7, hvad der vil betyde, at f ladeelementer- 
25 ne som vist i fig. 1 til 4 tilsammen skulle udg0re til- 
nasrmelsesvis en halvcirkel . Dette sikrer, at apparatet 
kan udformes med de mindst mulige ydre mal . 

Som ovenfor beskrevet b0r det sikres, at overdaskningens 
30 inderside er beskyttes mod nedb0r under alle procestrin, 
dette for at sikre en praecis bestemmelse af masngden af 
fastfrossen is. 

Fig. 6 til 8 viser en udf 0rselsf orm, hvor et apparatet 
35 omfatter et hus 1, en overdaskning i form a to kvarte kug- 
leskaller 6, to opbevaringsenheder 41 for de to kvarte 
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kugleskaller og en platform 40 hvorpa opbevaringsenheder- 
ne er anbragt . Apparatet omfatter endvidere et rotorele- 
ment, en drivenhed og en ve j eindretning (ikke vist) som 
beskrevet ovenfor. 

5 

I en f0rste position daekker overdaekningen 6A rotorelemen- 
tet, og danner et i hovedsagen lukket rum; dette er anty- 
det i fig. 6 med stiplede linier. Nar en maling 0nskes 
gennemfort bevaeges overdaekningens elementer, som vist i 

10 fig. 6, 7 og 8, til deres anden position, hvor de opbe- 
vares beskyttet i opbevaringsenhederne 41. Da det i det 
vaesentlige er overdaekningens inderside, der skal beskyt- 
tes mod nedb0r, kan det vaelges, at lade opbevaringsenhe- 
derne vaere abne opadtil, hvad der vil simplificere kon- 

15 struktion. Nar f0rste del af malingen er gennemfort, f0- 
res overdaekningen tilbage til sin f0rste position. 

Ovenfor er skematisk antydet, hvordan en beskyttelse af 
overdaekningens inderside mod vejrliget kan udf0res, men 
20 det vil selvsagt vaere muligt at vaelge overdaekningens og 
opbevaringsenhedernes udformning, form og deres indbyrdes 
relation pa mange forskellige mader. 

Fig. 9 viser- en yderligere udf 0rsels f orm, hvor et appara- 
25 tet omfatter et hus 101 med en drivenhed, et stel 110, en 
styreenhed 115, en overdaekning 106 og et rotorelement 
103. Huset 101 er udformet som en lukket i det vaesentlige 
halv cylinder afskaret svarende til cylinderaksen; huset 
er monteret i et stel 110 saledes at cylinderaksen i det 
30 vaesentlige er lejret vandret horisontalt. Overdaekningen 
106 er ligeledes udformet som en i det vaesentlige halv 
cylinder afskaret svarende til dennes cylinderakse og 
aben svarende til snitf laden. Overdaekningen er monteret 
pa stellet 110 saledes at overdaekningens cylinderakse i 
35 det vaesentlige er sammenf aldende med husets cylinderakse. 
Overdaekningen er udf0rt med en storre brectele (svarende 
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til laengden pa cylinderaksen) og en st0rre cylinderradius 
end huset og drejeligt raonteret pa stellet saledes at 
overdaekningens cylinderakse ogsa udg0r dennes omdrej- 
ningsakse. Denne anordning af overdaekning og hus gor det 
5 muligt, at overdakningen ved en 180 graders rotation om 
sin omdre jningsakse kan f0res fra sin f0rste position som 
vist i fig. 9 og til en anden position under huset og sa- 
ledes at huset i det vaesentlige omsluttes af overdaeknin- 
gen. I fig. 9 er overdaekningens endeflade mod betragteren 

10 fjernet, saledes at rotorelementet 103 anbragt ovenpa hu- 
set kan ses. Nar overdaekningen drejes bort som ovenfor 
beskrevet, vil rotorelementet vaere afdaekket og en maling 
kan pabegyndes. Som ogsa ovenfor beskrevet vil denne an- 
ordning sikre, at overdaekningens inderside beskyttes mod 

15 nedb0r mens denne er anbragt i sin anden position. 

Med henvisning til fig. 10 ses et snit gennem apparatet 
vist i fig. 9 svarende til planet indikeret med B-B. Som 
det fremgar er huset 101 ved hjaelp af to beslag 112, 113 

20 monteret i et stel bestaende at to standere 110, 111. Som 
ovenfor beskrevet er savel huset som overdaekningen monte- 
ret med deres respektive' cylinderakse omkring en faelles 
akse 102. Rotorelementet 103 omfatter en rotoraksel 120 
og et system af f ladeelementer , hvoraf kun de ©verste 121 

25 og nederste er vist. Rotorelementets generelle cylinder- 
form er antydet med stiplede linier. I mellemrummet 107 
mellem overdaekningen og huset kan med fordel anbringes en 
taetning, hvad der bade forhindre at nedbor traenger ned i 
mellemrummet mellem overdaekningen og huset og at den ned- 

30 b0r der eventuelt har fundet vej til mellemrummet vil 
blive fjernet fra overdaekningens inderside, nar denne f0- 
res fra sin anden til sin f0rste position. Som vist i 
fig. 9 og 10 er husets overside udformet som en opad ko- 
nisk flade, hvad der sikrer, at for eksempel smeltevand 

35 ved opvarmning af f ladeelementerne ledes bort fra huset 
og specielt bort fra rotorakselens gennemf 0rijag . 
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Mellem standerne er anbragt en kontrolenhed 115 til sty- 
ring af drivenhed 104, ve j eindretning 105, blaeser 108 og 
varme element 109, samt til opsamling, lagring og eventuel 
5 videresendelse af maledata. Disse enheder er indrettet 
til at fungere pa tilsvarende made som anf0rt ovenfor med 
henvisning til fig. 1 til 4. I fig. 10 er indikeret, at 
luft ved hjaslp af blasseren 8 indblasses i rotorakselen og 
derfra ledes ud gennem f ladeelementerne som ogsa beskre- 

10 vet ovenfor. Mellem husets overdel og rotorakselen kan 
med fordel anbringes en le j eanordning (ikke vist) til 
st0tte og f0ring af akselen. I en fortrukken udf0rsels- 
form omfatter apparatet endvidere midler (ikke vist) til 
automatisk at bevasge overdaekningen mellem dennes f0rste 

15 og anden position. Det er indlysende, at apparatet omfat- 
ter en indretning til sikring af overdaekningen i dennes 
f0rste position, fortrinsvis ogsa i dennes anden positi- 
on . 

20 En fortrukken udf 0rselsf orm for et rotorelement til brug 
for et apparat ifolge opfindelsen vil nu blive beskrevet 
med henvisning til fig. 11, 12 og 13. 

I fig. 11 omfatter rotorelementet en aksel 20 hvorpa er 
25 anbragt fire stakke, hver bestaende af et antal fladeele- 
menter anbragt med indbyrdes afstand over hinanden med de 
respektive sverste f ladeelementer 21, 22, 23, 24 anbragt 
i et 0verste plan. Hvert fladeelement har en fri ydre en- 
de og en indre ende fastgjort til aksen. De 0verste fla- 
30 deelementer er anbragt med en konstant indbyrdes vinkel- 
afstand, som for fire overste f ladeelementer svarer til 
en vinkel pa 90 grader. 

Som det fremgar af figuren er f ladeelementerne i den en- 
35 kelte stak forskudt i forhold til hinanden, med de ydre 
frie ender anbragt svarende til at de overojfdnet danner 
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en helix. For hver stak straekker denne helix sig mindst 
over en vinkel svarende til vinklen mellem to efter hin- 
anden anbragte stakke. For en udf 0rselsf oriti med fire 
stakke straekker en helix sig saledes over mindst 90 gra- 
5 der. I det specielle tilfaelde, hvor der kun anvendes en 
enkelt stak vil denne straekke sig en fuld omdrejning om- 
kring akselen, dvs . 360 grader. 

De enkelte f ladeelementer er udformet og anbragt saledes 
10 at de, svarende til deres projektionen pa en vandret fla- 
de, overlapper med det eller de f ladeelementer som det 
enkelte f ladeelement er anbragt ved siden af respektive 
imellem, saledes at der ikke er mellemrum mellem de en- 
kelte f ladeelementer, nar apparatet betragtes oppefra. 
15 Dette er illustreret i fig. 12, der viser apparatet sva- 
rende til fig. 11 set oppefra. Herved opnas, at al fal- 
dende nedb0r indenfor apparatets udstraakning rammer fla- 
deelementerne og derved har mulighed for at afsaettes som 
is. Desto sterre overlappet er mellem de enkelte flade- 
20 elementer, under desto st0rre afvigelse fra lodret fal- 
dende nedb0r vil dette sikres. 

Svarende til hvad der er anf0rt ovenfor, er fladeelemen- 
terne i den viste udf 0rselsf orm udformet og anbragt sale- 

25 des, at de enkelte f ladeelementer svarende til deres pro- 
jektionen pa en lodret flade st0der op til eller overlap- 
per med det eller de f ladeelementer som det enkelte fla- 
deelement er anbragt ved siden af respektive imellem, sa- 
ledes at der ikke er mellemrum mellem de enkelte flade- 

30 elementer, nar apparatet betragtes fra siden. Herved op- 
nas, at den atmosfaeriske luft, der f0res henover flade- 
elementerne ved den relative bevaegelse mellem den atmo- 
sfaeriske luft og f ladeelementerne rammer et fladeelement 
og derved har mulighed for at afsaatte det indeholdte vand 

35 som is. Dette som beskrevet ovenfor med henvisning til 
figur 5. 
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Ved en udf orsels f orm som vist i figur 11 og 12 sikres 
det, at apparatet kan udformes med de mindst mulige ydre 
diraensioner. For eksempel har en udf 0rselsf orm med fire 
5 stakke af hver 11 f ladeelementer og med en diameter pa 70 
cm vist sig hensigtsmaassig . 

Som det ogsa fremgar af figur 11 er de enkelte fladeele- 
menter forsynet med at antal kanaler 25 igennem hvilke, 
10 der kan blasses luft, henholdsvis opvarmet luft for at af- 
ise f ladeelementerne og luft med omgivelsestemperatur for 
at temperere f ladeelementerne f0r naeste maling. I en hen- 
sigtsmaessig udf 0rsels form ledes luften fra apparatets ba- 
sis til f ladelementerne gennem akselen 20. 

15 

Svarende til udf srselsf ormen vist i figur 11 er fladeele- 
menterne kun fastgjort til akselen 20 svarende til deres 
ene ende, hvorfor det enkelte fladeelement er dimensione- 
ret til at kunne baere sig selv og modsta de kraefter, der 

20 vil opsta ved den tilsigtede brug af apparatet. I en an- 
den udf 0rselsf orm vist i figur 13 er der anvendt et stor- 
re antal mere spinkle f ladeelementer , der dels er fast- 
gjort svarende til deres indre ende til akselen, dels er 
fastgjort svarende til deres ydre ende til en st0tte- 

25 struktur. Denne st0ttestruktur omfatter et 0vre stotte- 
element 30 fastgjort til akselen ved hjaslp af 0vre for- 
bindelseselementer 31 og et nedre st0tteelement 32 fast- 
gjort til akselen ved hjaelp af nedre f orbindelseselemen- 
ter 33. Mellem det 0vre og nedre st0tteelement er anbragt 

30 et antal ydre st0tteelementer 34 til hvilke den ydre ende 
af f ladeelementerne er fastgjort. Svarende til den oven- 
for beskrevne udf 0rselsf ormen er der ogsa her anvendt fi- 
re stakke af f ladelementer der tilsvarende st0ttes af fi- 
re ydre st0ttelementer 34. 



35 
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Svarende til udf orselsf ormen vist i figur 11 er fladeele- 
menterne lige lange, saledes at hver helix forlober sva- 
rende til overfladen pa en cylinder, ligesom den overord- 
nede form af ro tor el entente t vil vaere en cylinder. I den 
5 anden udf 0rselsf orm vist i figur 13 er der for hver stak 
anvendt f ladeelementer med aftagende lasngde mod appara- 
tets top; hvis lasngden aftager lineasrt vil det enkelte 
ydre st0tteelement 34 forl0be svarende til en helix pa 
overfladen af en konus, ligesom den overordnede form af 
10 rotorelementet her vil vasre en konus. Som ovenfor anfort 
er det hensigtsmaessigt , at rotorelementets og overdaeknin- 
gens overordnede form og dimensioner svarer til hinanden. 
For en udf 0rselsf orm for apparatet som vist i fig. 6 til 
8 b0r rotorelementet saledes have form som en halvkugle. 

Det er selvf0lgelig for begge de ovenfor beskrevne udf0r- 
selsformer muligt at anbringe* f ladeelementer saledes, at 
de den beskrevne helix-form ikke vil vasre en "perfekt" 
geometrisk helix, men blot hvad fagmanden vil opfatte som 
20 " spiralf ormet" . 

Det er klart at fagmanden pa basis af den ovennasvnte for- 
klaring af opfindelsens princip, let vil kunne angive 
forskellige udf srelsesf ormer for savel opbygning af et 

25 apparat, der kan gennemf0re de naevnte procestrin, men og- 
sa at kunne angive procesparametre som egner sig hertil 
under hensyntagen til apparatets udformning, sasom tid- 
sintervallet hvormed f ladeelementerne skal bevasges gennem 
den fri luft som vist pa fig. 2, og hvilken hastighed som 

30 f ladeelementerne 3 skal bevasges med gennem luften for op- 
naelse af passende maleresultater som ikke pavirkes vas- 
sentligt af, at der evt . afsasttes anden nedb0r pa f lade- 
elementerne 3 end underafk0let vand og dis. Det er indly- 
sende, at der er en sammenhaeng mellem udformningen af 

35 selve apparatet, og de drif tsparametre, der sikrer at de 
0nskede maleresultater opnas . 
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Patentkrav : 



1. Fremgangsmade til lokal maling af en overisnings f aktor 
5 for atmosfaerisk luft indeholdende underafkolet vand, 

kendetegnet ved, at fremgangsmaden omfatter 
folgende procestrin: 

tilvej ebringelse af i det mindste et f ladeelement (3) som 
10 er udf0rt i et materiale der egner sig for fastfrysning 
af is i atmosfaerisk luft, hvilket element har et forudbe- 
stemt overf ladeareal, 

hvor f ladeelementet/f ladeelementerne bringes til en tem- 
15 peratur der i hovedsagen svarer til temperaturen for den 
atiuosfaeriske luft, . 

hvor der derefter skabes relativ bevaegelse med en forud- 
bestemt hastighed mellem den atmosfaeriske luft og flade- 
20 elementet/f ladeelementerne, fortrinsvis ved at fladeele- 
mentet/f ladeelementerne bevaeges gennem den atmosfaeriske 
luft, og i et forudbestemt tidsinterval , 

og hvor tykkelsen eller massen af den pa f ladeelemen- 
25 tet/f ladeelementerne fastfrosne is derefter males ved 
hjaelp af en dertil indrettet maleindretning . 

2. Fremgangsmade if0lge krav 1, kendetegne- 

t ved, at den fastfrosne is efter malingen af dennes 
30 masse eller tykkelse, fjernes fra fladeelementet/ f lade- 
elementerne, hvorefter der kan foretages en ny malepro- 
ces . 
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3. Fremgangsmade if0lge krav 2, kendetegne- 

t ved, at den fastfrosne is fj ernes ved opvarmning af 
f ladeelementet/f ladeelementerne . 

4. Fremgangsmade ifolge et af foregaende krav, k e n - 
detegnet ved, at der tilve j ebringes en overdask- 
ning der straakker sig i det mindste hen over f ladeelemen- 
tet/f ladeelementerne, og daskker og afskaermer fladeelemen- 
tet/f ladeelementerne, og hvilken overdaekning fj ernes fra 
f ladeelementet/f ladeelementerne i det mindste i det for- 
udbestemte tidsinterval , hvor fladeelementet/ f lade- 
elementerne bevaeges gennem den atmosfaariske luft med en 
forudbestemt hastighed. 

5. Fremgangsmade ifolge krav 4, kendetegne- 

t ved, at f ladeelementet/f ladeelementerne bevaeges i et 
forudbestemt tidsinterval efter at overdaekningen efter en 
maling er bragt tilbage til sin f0rste position, hvoref- 
ter tykkelsen eller massen af den pa fladeelemen- 
tet/ f ladeelementerne fastfrosne is males. 

6. Fremgangsmade if0lge et hvert af ovenstaende krav, 
kendetegnet ved, at fladeelementet/ f ladeele- 
menterne bevaeges gennem den atmos faeriske luft med en ha- 
stighed der sikrer at nedbor der ikke fryser fast til 
f ladeelementet/f ladeelementerne i det vaesentligste slyn- 
ges af fladeelementet/ f ladeelementerne . 

7. Fremgangsmade if0lge et af ovenstaende krav, ken- 
detegnet ved, at der anvendes i det mindste to 
f ladeelementer som er roterbart placeret pa en rotorak- 
sel, og ved at bevasgelsen af de to f ladeelementer fcregar 
ved en rotation af rotorakselen . 

8. Apparat til lokal maling af en overisningsf aktor for 
atmosfaerisk luft indeholdende underafkolet vand, 
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kendetegnet ved, at apparatet omfatter i det 
mindste et f ladeelement (3) som er udf0rt i et materiale 
der egner sig for f ast f rysning af is i atmos faer isk luft, 
hvor f ladeelementet/f lade element erne har et forudbestemt 
5 overfladeareal, og hvor apparatet yderligere omfatter 
midler (4) der er indrettet til at bevaege f ladeelemen- 
tet/f ladeelementerne gennem den atmosfaeriske luft med en 
forudbestemt hastighed og i et forudbestemt tidsinterval , 
og hvor der yderligere er midler (5) der er indrettet til 
10 at male tykkelsen eller massen af den pa fladeelemen- 
tet/f ladeelementerne fastfrosne is efter det forudbestem- 
te tidsinterval hvor fladeelementet/ f ladeelementerne er 
blevet bevaeget gennem den atmosfaeriske luft. 

15 9. Apparat if0lge krav 8, kendetegnet ved, 
at det omfatter en ve j eindretning (5) som er indrettet 
til at veje og registrere i det mindste fladeelemen- 
tets/f ladeelement ernes vaegt fer og efter at fladeelemen- 
tet/ f ladeelementerne bevasges gennem den atmosfaeriske 

20 ■ luft, samt at apparatet fortrinsvis omfatter midler til 
opvarmning af fladeelementet/ f ladeelementerne . 

10. Apparat if0lge krav 8 eller 9, kendeteg- 
net ved, at apparatet omfatter et rotorelement med en 
25 rotoraksel (2), og i det mindste to f ladeelementer (3) 
der straekker sig fra rotorakselen og ud fra denne, og 
hvor der er indrettet midler (4) til at rotere rotoren om 
sin akse. 

30 11. Apparat if0lge ethvert af kravene 8 til 10, ken- 
detegnet ved, at apparatet omfatter en overdaek- 
ning (6) med en mod f ladeelementerne vendende inderside, 
og som er indrettet til at indtage en f0rste position 
hvor den straskker sig hen over f ladeelementet/f lade- 

35 elementerne, der derved afdaekkes opadtil, samt en anden 
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position hvor overdaekningen er fjernet og ikke daskker 
f ladeelementet/f ladeeleraenterne . 

12. Apparat if0lge krav 11, kendetegnet ved, 
5 at overdaekningen er indrettet saledes at den i sin forste 

position danner et lukket rum (7) omkring f ladeelemen- 
tet/f ladeelementerne . 

13. Apparat if0lge krav 12, kendetegnet ved, 
10 at der er indrettet midler (8, 9) til opvarmning af det 

under overdaekningen lukkede rum. 

14. Apparat if0lge ethvert af kravene 11 til 13 
kendetegnet ved, at apparatet er indrettet 

15 til at bevaege fladeelementet/ f ladeelementerne i et 
forudbestemt tidsinterval efter at overdaekningen (6) 
efter en maling . er bragt tilbage til dennes forste 
position, hvorefter tykkelsen eller massen af fastfrossen 
is kan bestemmes . 

20 15. Apparat ifolge ethvert af kravene 11 til 14 k e n - 
detegnet ved, at overdaekningen i sin anden posi- 
tion er anbragt saledes, at dens inderside i det vassent- 
lige er beskyttet mod nedb0r og saledes holdes t0r. 

25 16. Apparat ifolge ethvert af kravene 8 til 15, ken- 
detegnet ved, at fladeelementet/ f ladeelementerne 
hver isaer udgores af en plade med en forside (13) og en i 
forhold hertil modsat orienteret bagside (14), og hvor 
pladen er indrettet pa en sadan made at pladens forside 

30 vender i den retning hvormed det respektive fladeelement 
bevaeges gennem den atmosfaeriske luft, og hvor der gennem 
pladen straekker sig et flertal af kanaler (10) fra pla- 
dens forside til pladens bagside, saledes at den atmosfae- 
riske luft kan stromme gennem kanalerne fra pladens for- 

35 side til pladens bagside. 
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17. Apparat ifolge et hvert af kravene 8 til 16, 
kendetegnet ved, at apparatet omfatter et 
system af f ladeelementer (21, 22, 23, 24) monteret pa en 
roterbar aksel (20) , der er indrettet til at kunne an- 

5 bringes i en i det vassentlige lodret position, og hvor de 
enkelte f ladeelementer er udformet og anbragt saledes, at 
de enkelte f ladeelementer svarende til deres projektionen 
pa en flade vinkelret pa den roterbare akse st0der op til 
eller overlapper med andre f ladeelementer , saledes at der 
10 ikke er mellemrum mellem de enkelte f ladeelementer , nar 
apparatet betragtes oppefra, og saledes at al faldende 
nedb0r indenfor apparatets udstrakning, nar den roterbare 
akse er anbragt lodret, i det vaasentlige rammer fladeele- 
menterne og derved har mulighed for at afsasttes som is. 

15 

18. Apparat ifolge krav 17, kende tegnet ved, 
at f ladeelementerne er udformet og anbragt saledes, at de 
enkelte f ladeelementer svarende til deres projektionen pa 
en flade parallel med den roterbare aksel (20) stoder op 

20 til eller overlapper med andre f ladeelementer , saledes at 
der ikke er mellemrum mellem de enkelte f ladeelementer , 
nar apparatet betragtes fra siden, og saledes at den at- 
mosfaariske luft, der fores henover f ladeelementerne i en 
retning i det vassentlige vinkelret pa akslen ved en rela- 

25 tiv bevaegelse mellem den atmosf asriske luft og fladeele- 
menterne i det vassentlige rammer et fladeelement og der- 
ved har mulighed for at afsastte det indeholdte vand som 
is . 

30 19. Apparat ifolge et hvert af kravene 8 til 18, 
kendetegnet ved, at f ladeelementerne er ind- 
rettet med kanaler, og at apparatet omfatter midler, sa- 
ledes at luft kan ledes gennem kanalerne, fortrinsvis som 
enten opvarmet luft eller luft med t ilnaarmelsesvis omgi- 

35 velsestemperatur . 
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20. Apparat ifolge et af kravene 8 til 19, k e n d e - 
t e g n e t ved, at apparatet er placeret pa jordover- 
fladen ved en lufthavn, og ved at apparatet omfatter mid- 
ler til registrering af de malte resultater af den pa. 
5 f ladeelementet/f ladeelementerne afsatte is' tykkelse el- 
ler masse, samt midler til visuelt eller auditivt at give 
signal til overvagningspersonel om maleresultatet, for- 
trinsvis ved at apparatet omfatter midler, der kan omsaet- 
te den malte tykkelse eller masse til en vaerdi, der indi- 
10 kerer en risiko for overisning. 



# 
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Sammendrag : 

Apparat og fremgangsmade til lokal maling af en overis- 
ningsfaktor for atmosfaerisk luft indeholdende underafk0- 
5 let vand, og hvor apparatet omfatter i det mindste et 
f ladeelement som er udfort i et materiale der egner sig 
for fastfrysning af is i atmosfasrisk luft, og hvilket 
f ladeelement har et f orudbestemt overf ladeareal, og hvor 
apparatet yderligere omfatter midler der er indrettet til 

10 at bevasge f ladeelementet gennem den atmosfaeriske luft med 
en forudbestemt hastighed og i et forudbestemt tidsinter- 
val, og hvor der yderligere er midler der er indrettet 
til at male tykkelsen eller massen af den pa fladeelemen- 
tet fastfrosne is efter det f orudbestemte tidsinterval 

15 hvor f ladeelementet bevasges gennem den atmosfaeriske luft. 

Fig. 9 
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A method and an apparatus for measuring icing 



The present invention relates to a method and an appara- 
tus for local measurement of an icing factor for atmos- 
5 pheric air containing supercooled water. 

Such measurement are used in particular - but not exclu- 
sively - within the fields of aviation and navigation, 
wherein icing can constitute a substantial safety hazard 
10 when it comes to wrecking. 

The problem arises as a result of atmospheric precipita- 
tion, such as rain and mist, that has in its supercooled 
state a known propensity to freeze on to objects, such as 
15 hull and machine parts on vessels as well as aeroplanes. 

Thus, in practise critical weather conditions have often 
necessitated manual observations with a view to forming 
an impression of the acute risk of icing, in order to en- 
20 able warning of aeroplanes and vessels, if necessary. 

It is a problem in this context that such manual observa- 
tion is based on a subjective discretion, and that conse- 
quently a standardised value for the risk of icing is not 

25 accomplished. Thus, a warning based on such subjective 
discretion will be associated with a good deal of insecu- 
rity, and the person who receives the warning cannot 
readily form a reliable picture of the risk of icing, ex- 
cept by relying on the recommendation of the issued warn- 

30 ing. 



Accordingly, US patent No 4,730,485 and published NO pat- 
ent application No 151,060 teach apparatuses configured 
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for carrying out a more standardised measurement of the 
amount of atmospheric precipitation. 

Thus, US patent No 4,730,485 teaches a stationary meas- 
urement device configured for measuring wind velocity as 
well as wind direction, but it is also suitable for meas- 
urement of the current icing. 

Published NO patent application No 151,060 discloses a 
stationary weighing apparatus for weighing an amount of 
atmospheric precipitation in the form of snow or ice that 
settles on a substantially horizontal weighing plate. 

However, it is a problem in connection with these prior 
art devices that icing often occurs in situations when 
the air is relatively still, and that the icing factor 
measured by such devices are erroneous since only small 
amounts of ice are deposited on the devices. 

It is a further problem in connection with the prior art 
device known from published NO patent application No 
151,060 that atmospheric precipitation other than super- 
cooled water may deposit on the weighing plate and thus 
an erroneous weighing results in relation to the icing 
factor. 

It is therefore the object of the present invention to 
provide a method and an apparatus whereby it is possible, 
in almost all weather conditions, in particular also 
light winds and still air, to provide a standardised 
measurement result or a standardised value for the icing 
factor. 
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This is achieved with the present invention by the method 
according to claim l f or by use of an apparatus according 
to claim 7 . 

5 The method according to the present invention is thus 
characterised in comprising the following process steps: 

providing at least one surface element made of a material 
suitable for ice in atmospheric air to freeze there on, 
10 said element having a predetermined surface area; 

tempering the surface element (s) to a temperature that 
corresponds essentially to the temperature of the atmos- 
pheric air, following which a relative movement is pro- 

15 duced with a predetermined velocity between the atmos-- 
pheric air and the surface element (s), preferably by mov- 
ing the surface element ( s ) through the atmospheric air , 
and at a predetermined period of time, and wherein the 
thickness or mass of the ice frozen fast onto the surface 

20 element is subsequently measured by means of a measure- 
ment device intended therefor. 

This means, on the one hand, that atmospheric precipita- 
tion other than supercooled raindrops or mist can only 
25 with difficulty settle on the surface elements and ad- 
versely influence the measurement results, and that it is 
hereby possible to perform relatively accurate measure- 
ments of the icing factor, also in relatively still air. 

30 In case the factor measured is the thickness of the ice 
layer, it is advantageous - to obtain a representative 
value therefor - to measure in a number of points, pref- 
erably in one or more points on each surface element, the 
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10 



20 



30 



measurement results subsequently being summarised to a 
single value. 

The value thus measured for the thickness of ice layer or 
weight increase will be a standardised factor that indi- 
cates a relative risk of icing of eg aeroplanes or ves- 
sels in the area in which measurement is performed. It 
goes without saying that the value can only be indicative 
of the risk since, obviously, it will vary more or less 
compared to the place where the measurement was per- 
formed . 



The method can advantageously be exercised by use of an 
apparatus as featured in claim 7, said apparatus compris- 
15 ing at least a surface element made of a material suit- 
able for ice in atmospheric air to freeze there on, and 
said surface element having a predetermined surface area, 
and wherein the apparatus further comprises means that 
are configured for moving the surface element through the 
atmospheric air at a predetermined velocity and for a 
predetermined period of time; and wherein means are also 
provided that are configured for measuring the thickness 
or the mass of the ice frozen fast onto the surface ele- 
ment after lapse of the predetermined period of time dur- 
25 ing which the surface element is moved through the atmos- 
pheric air . 

According to a preferred embodiment of the method, it is 
ensured that frozen-on ice, if any, is removed prior to a 
first measurement, and likewise the frozen-on ice is re- 
moved from the individual surface element following meas- 
urement of its mass or thickness, whereupon a renewed 
measurement process can be performed. Advantageously, 
such removal of the ice can be accomplished by heating of 
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5 

the individual surface elements either from the outside 
or from the inside. 

Further advantageously, uniform measurement results are 
5 accomplished if a cover is provided that extends at least 
across the surface element, and covers and shields the 
surface element, and said cover being removed from the 
surface element at least for the predetermined period of 
time during which the surface element is moved through 
10 the atmospheric air at a predetermined velocity. 

The accuracy of measurement is further enhanced if the 
surface element is moved through the atmospheric air at a 
velocity that ensures that atmospheric precipitation that 
15 does not freeze on to the surface element is to a sub- 
stantial extent thrown off the surface element. 

In order to ensure that the inside of the cover is pro- 
tected against atmospheric precipitation settling 

20 thereon, it can advantageously be so arranged in its sec- 
ond position that its inside is protected against atmos- 
pheric precipitation. It is hereby ensured that atmos- 
pheric precipitation cannot drip from the inside of the 
cover and onto the surface elements when the cover is 

25 conveyed across same. 

In order to ensure that the surface elements are essen- 
tially free of other atmospheric precipitation prior to 
the amount thereof being determined, they can advanta- 
30 geously be rotated for a predetermined period of time 
following return of the cover to its first position. 

According to a particularly simple method, at least two 
surface elements are used that are rotatably arranged on 
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10 



20 



30 



a rotor shaft whereby the movement of the two surface 
elements is effected by a rotation thereof about the ro- 
tor shaft. 

According to a particularly simple embodiment, the appa- 
ratus comprises a weighing device configured for weighing 
and recording at least the weight of the surface element 
prior to and after movement of the surface element 
through the atmospheric air. 



According to a particularly simple embodiment the appara- 
tus comprises a rotor with a rotor shaft, and at least 
two surface elements that extend from the rotor shaft and 
protrude there from, and wherein means are configured for 
15 rotating the rotor about its axis. Hereby it is obtained 
that the movement mechanisms that bring about the move- 
ment of the surface elements through the air can be ac- 
complished in a very simple manner that does not require 
maintenance . 



Besides, with a view to also obtaining an increased accu- 
racy of measurement the apparatus can also comprise a 
cover that is configured for assuming a first position in 
which it extends across the surface element, and thereby 
25 covers this upwardly, and a second position in which the 
cover has been removed from the surface element and does 
not cover same, and this cover is preferably configured 
such that in its first position, it forms a closed space 
around the surface element. 



In order to be able to perform measurements in quick suc- 
cession, means are conveniently provided that are, on the 
one hand, able to heat the surface elements in order to 
melt the ice deposited thereon, and on the other, to cool 
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them to approximately ambient temperature. This can be 
obtained in that the surface elements are configured with 
passageways; and that the apparatus comprises means 
whereby air can be conveyed through the passageways ei- 
5 ther in the form of heated air or air with approximately 
ambient temperature. Heating and cooling of the surface 
elements can also be accomplished by the closed space un- 
derneath the cover being heated and cooled. 

10 It is desirable that the ice formation on the surface 
elements is as comprehensive as possible to ensure accu- 
racy and speed of measurement, and consequently the sur- 
face element will, in a first preferred embodiment, be in 
the form of a plate with a front and a back which have 

15 opposite orientations relative thereto; and wherein the 
plate is configured in such a manner that the front of 
the plate faces in the direction in which the surface 
element is moved through the atmospheric air; and wherein 
- through said plate - a plurality of passageways are 

20 provided from the front of the plate to the rear of the 
plate, whereby atmospheric air is able to flow through 
the passageways from the front of the plate to the back 

of the plate. 

I 

25 According to an alternative, preferred embodiment the ap- 
paratus comprises a system of surface elements mounted on 
a rotatable shaft configured for being arranged in a sub- 
stantially vertical position. The individual surface ele- 
ments are configured and arranged such that the individ- 

30 ual surface elements will , in correspondence with their 
projection on a face perpendicular to the rotatable axis, 
abut on or overlap other surface elements, which means 
that there is no space between the individual surface 
elements when the apparatus is viewed from above. Hereby 
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it is obtained that all atmospheric precipitation within 
the expanse of the apparatus hits the surface elements 
and thus can be deposited in the form of ice. The larger 
the overlap between the individual surface elements, the 
larger the deviation from vertically falling precipita- 
tion can be tolerated while ensuring this. 



In correspondence with the above teachings, the surface 
elements can advantageously be configured and arranged 

10 such that the individual surface elements corresponding 
to their projection on a face parallel with the rotatable 
axis abuts on or overlaps other surface elements, so as 
to accomplish that there is no space between the individ- 
ual surface elements when the apparatus is viewed from 

15 the side. Hereby it is obtained that the atmospheric air 
conveyed across the surface elements by the relative 
movement between the atmospheric air and the surface ele- 
ments hits a surface element and is thereby able to de- 
posit the water contained therein in the form of ice. 

20 

In case of embodiments like the ones described above, it 
is ensured that the apparatus can be configured with the 
smallest possible physical dimensions. 

25 The apparatus according to the present invention is par- 
ticularly suitable for use in airports, where the appara- 
tus is preferably arranged at ground level in an air 
port, and whereby the apparatus comprises means for re- 
cording the measured results of the thickness or mass of 
the ice deposited on the surface elements, and means for 
visually or auditively emitting a signal regarding the 
measurement results to the monitoring personnel of the 
airport. 
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The invention will now be described in further detail 
with reference to the drawings, wherein 

Figures 1 through 4 are explanatory sketches using a 
5 schematically represented apparatus to illustrate various 
process steps according to the present invention; 

Figure 5 is a sectional view that illustrates a vertical, 
sectional view through a surface element for use in the 
10 apparatus according to the present invention; 

Figures 6 through 8 show a first, preferred embodiment of 
an apparatus according to the invention, wherein the 
cover is shown in different positions; 

15 

Figure 9 shows an alternative, preferred embodiment of an 
apparatus according to the invention, seen from the side; 

Figure 10 is a vertical, sectional view through the appa- 
2 0 ratus shown in Figure 9 corresponding to the plane indi- 
cated by B-B; 

Figure 11 illustrates a preferred embodiment of a rotor 
element for use in connection with the invention; 

25 

Figure 12 is a top plan view of the rotor element corre- 
sponding Figure 11; and 

Figure 13 shows a further preferred embodiment of a rotor 
30 element for use in connection with the invention. 

Thus, Figure 1 shows the constructive, principles of an 
apparatus according to the invention, said apparatus com- 
prising a housing or a frame 1, in which a shaft or a ro- 
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tor 2 is arranged that supports two diametrically opposed 
surface elements 3, and that are rotated by a drive unit 
4 in the direction of the arrow A. The rotor with one or 
more surface elements is also referred to as the rotor 
5 element . 

Corresponding the normal operative state of the appara- 
tus, the shaft or the rotor is configured for being ar- 
ranged in a substantially vertical position. When, in the 
0 following, the terms vertical and horizontal are used, 
they refer to the apparatus when arranged in such pre- 
ferred position. 

Additionally the apparatus comprises a weighing device 5 
5 configured for weighing the surface elements 3, the rotor 
2 and the drive unit 4, whereby a weight increase can be 
determined . 



0 



Besides, the apparatus comprises a movable cover, in Fig- 
ures 1 through 4 shown as a dome-shaped shield consisting 
of two spherical quarter shells 6 that are shown in Fig- 
ure 1 in a first position in which they shield the sur- 
face elements 3 and the rotor 2 and form a substantially 
closed space 7 around the surface elements and the rotor. 

Moreover, the apparatus comprises a blower 8 configured 
for conveying atmospheric air towards the surface ele- 
ments 3 . 

In the process step shown in Figure 1, the rotor is thus 
rotated in the closed space 7, and as a consequence of 
the blower 8 generating circulation of air in that space, 
the surface elements 3 are caused to assume a temperature 
that corresponds essentially to the ambient temperature. 
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Now, Figure 2 illustrates a subsequent process step in 
which the two spherical quarter shells 6 have been with- 
drawn to a second position in which the surface elements 
5 3 on the rotor 2 rotate in the open air, and wherein - 
provided supercooled water is present in the air - ice 
formations will settle on the surface elements 3 . It will 
appear from the figure that the cover in its second posi- 
tion is situated within the housing that is advanta- 

10 geously configured such that inside of the cover is pro- 
tected against atmospheric precipitation settling 
thereon. In the embodiment shown, this could only be ac- 
complished by the spherical shells of the cover being 
conveyed down into the housing through a narrow opening 

15 between the top face and lateral walls of the housing. 
Such configuration ensures that atmospheric precipitation 
cannot drip from the inside of the cover and down onto 
the surface elements when the cover is conveyed above 
them . 

20 

In accordance with the invention, the process step shown 
in Figure 2 is carried out for a predefined period of 
time, whereby a suitable amount of ice will deposit on 
the surface elements, and the rotor is rotated at a ve- 

25 locity that, on the one hand, takes into account that the 
ice is not to be thrown off the rotor, but wherein other 
precipitation, if any, in the form of rain and snow is 
thrown off to a suitable extent. As shown in the figure, 
it is of course to be ensured that the cover can be con- 

30 veyed past the various structures of the housing. 



Advantageously, the weighing device can be configured 
with three weighing cells situated triangularly between 
the drive unit 4 and the lower part of the housing. 
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Hereby a stable determination of weight for the drive 
unit, the rotor, the surface elements and the ice frozen 
thereon is obtained. 

Following the process step shown in Figure 2, a subse- 
quent step is shown in Figure 3 wherein the cover has 
been returned to its first position. In order to ensure 
that the surface elements are substantially free of at- 
mospheric precipitation other than ice before the amount 
thereof is determined, they can advantageously be rotated 
for a predetermined period of time after the cover has 
reverted to its first position. 

Now the surface elements are brought to a halt, and the 
15 weight increase of the surface elements resulting from 
the ice deposited on its surfaces is recorded by means of 
the weighing device 5, and on the basis of the value 
measured, a signal can be generated for showing an icing 
factor; however, the drawing does not feature equipment 
for this use since it will be obvious to the person 
skilled in the art to configure such equipment on the ba- 
sis of the present description. 

Now a subsequent process step is shown in Figure 4 
25 wherein the two spherical quarter shells 6 have been 
moved across the surface elements 3 and shield them so as 
to form yet again the closed space 7. In this process 
step the rotor is caused to rotate, and a quick heating 
of the closed space 7 is carried out by means of the 
blower 8 and a heater element 9 whereby the ice deposited 
on the surface elements is melted and thrown off by the 
rotation of the rotor, whereby the combined weight of the 
rotor 2 and the surface elements 3 is caused to revert to 
the initial weight. 
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Now the process step shown in Figure 1 can proceed, and 
the apparatus according to the invention is thus very- 
suitable for carrying out repeated measurements with a 
5 very high degree of accuracy in standardised conditions. 

In order to obtain the highest possible accuracy of meas- 
urement, the surface elements 3 should be configured with 
the largest possible surface for adhesion of ice. Figure 

10 5 illustrates an embodiment wherein a surface element is 
constructed as a grid, as seen in a vertically sectional 
view through this, and from which it will appear that the 
surface element that is moved in the direction of the ar- 
row B has a front 13 and a back 14; and wherein walls 

15 11,12 combine to form passageways 10 that extend from the 
front 13 to the back 14. 

Hereby the surface element forms a relatively large sur- 
face compared to the indigenous weight of the surface 

20 element which means that a relatively quick formation of 
a suitable and measurable amount of ice is accomplished 
on the surfaces of the surface element 3, and such that 
the surface element can quickly be caused to assume the 
desired temperatures by the heating as shown in Figure 4 

25 and the cooling as shown in Figure 1. 

Both walls 11,12 having a downwardly tapering course 
means that, on the one hand, atmospheric precipitation 
other than supercooled water or mist is very like to 
30 slide or flow off the surface element 3, but also that 
supercooled water droplets or mist are very like to set- 
tle on the surfaces of the surface element without having 
to pass all the way through the surface element. 
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The surface elements shown in Figures 1 through 4 are, 
for the sake of clarity, shown to be very small, but ac- 

. cording to a preferred embodiment they are dimensioned to 
essentially fill the space 7, which means that the sur- 
face elements as shown in Figures 1 through 4 join to 

.constitute an approximate semicircle. Hereby it is en- 
sured that the apparatus can be configured with the 
smallest possible outer dimensions. 

As described above, it should be ensured that the inside 
of the cover is protected against atmospheric precipita- 
tion in all process steps; and this is to ensure accurate 
determination of the amount of ice frozen fast there on. 

Figures 6 through 8 show an embodiment in which an appa- 
ratus comprises a housing 1, a cover in the form of two 
spherical quarter shells 6, two storage units 41 for the 
two spherical quarter shells and a platform 40 on which 
the storage units have been arranged. Furthermore the ap- 
paratus comprises a rotor element, a drive unit and a 
(not shown) weighing device as described above. 



In a first position the cover 6A covers the rotor element 
and forms a substantially closed space; in Figure 6 this 
25 is outlined with dotted lines. When it is desired to per- 
form a measurement, the elements of the cover are, as 
shown in Figures 6, 7 and 8, moved to their second posi- 
tion where they are stored for protection in the storage 
units 41. Since it is in particular the inside of the 
cover that is to be protected against atmospheric pre- 
cipitation, it can be chosen to allow the storage units 
to be upwardly open, which would simplify the construc- 
tion. Once the first part of the measurement is accom- 
plished the cover reverts to its first position. 
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Above it has be outlined schematically how protection of 
the cover inside against the weather can be accomplished, 
but of course it is possible to select the configuration, 
5 shape and the mutual relations of the cover and the stor- 
age units on the basis of many considerations . 

Figure 9 shows a further embodiment wherein the apparatus 
comprises a housing 101 with a drive unit, a frame 110, a 

10 control unit 115, a cover 106, and a rotor element 103. 
The housing 101 is configured as a closed and approxi- 
mately semicylindrical object cut-off in correspondence 
with the cylinder axis; the housing is mounted in a frame 
110 such that the cylinder axis is substantially embedded 

15 horizontally. The cover 106 is also configured as ap- 
proximately as a semicylinder cut-off in correspondence 
with its cylinder axis and open in correspondence with 
the cut edge. The cover is mounted on the frame 110 in 
such a manner that the cylinder axis of the cover essen- 

20 tially coincides with the cylinder axis of the housing. 
The cover is configured with a width that is wider (cor- 
responding to the length of the cylinder axis ) and a cyl- 
inder radius that is larger than the housing, and pivo- 
tally mounted on the frame such that the cylinder axis of 

25 the cover also constitutes its axis of rotation. This 
configuration of the cover and housing makes it possible 
for the cover, upon a 180 degree rotation about its axis 
of rotation, to be conveyed from its first position as 
shown in Figure 9 to a second position underneath the 

30 housing, and such that the housing is essentially en- 
closed in the cover. In Figure 9, the end face of the 
cover towards the viewer has been removed such that the 
rotor element 103 arranged on top of the housing is visi- 
ble. When the cover is turned away as described above, 
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the rotor element will be uncovered and a measurement can 
be initiated. As also described above, this device will 
ensure that the inside of the cover is protected against 
atmospheric precipitation while in its second position. 

Study of Figure 10 will now reveal a section through the 
apparatus shown in Figure 9 corresponding to the plane 
indicated by B-B. As will appear, the housing is - by 
means of two fittings 112,113 - mounted in a frame con- 
sisting of two posts 110,111. As described above, the 
housing as well as the cover are mounted with their re- 
spective cylinder axes about a common axis 102. The rotor 
element 103 comprises a rotor shaft 120 and a system of 
surface elements of which only the top 121 and bottom 
15 ones are shown. The overall cylindrical shape of the ro- 
tor element is outlined with dotted lines. In the space 
107 between the cover and the housing, a sealing is ad- 
vantageously arranged whereby it is prevented both that 
atmospheric precipitation penetrates into the space be- 
tween the cover and the housing and that the atmospheric 
precipitation that has found its way to the space, if 
any, will be removed from the inside of the cover when it 
is conveyed from its second to its first position. As 
shown in Figures 9 and 10, the top face of the housing is 
25 configured as an upwardly conical face, whereby it is en- 
sured that eg melt water is, upon heating of the surface 
elements, conveyed away from the housing and in particu- 
lar away from the rotor shaft passage. 



20 



30 



Between the posts a control unit 115 is arranged for con- 
trolling the drive unit 104, the weighing unit 105, the 
blower 108, and the heater element 109, and for collec- 
tion, storage and optionally transmission of measurement 
data. Such units are configured for functioning in a man- 
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ner similar to the one described above with reference to 
Figures 1 through 4. in Figure 10 it is indicated that 
air is, by means of the blower 8, blown into the rotor 
shaft and from there conveyed out through the surface 
elements as also described above. Between the top part of 
the housing and the rotor shaft, a (not shown) bearing 
device can advantageously be arranged for supporting and 
guiding the shaft. According to a preferred embodiment, 
the apparatus further comprises (not shown) means for 
automatically shifting the cover between its first and 
second positions. Obviously, the apparatus comprises a 
device for securing the cover in its first position; 
preferably also in its second position. 



A preferred embodiment of a rotor element for use in an 
apparatus according to the invention will now be de- 
scribed with reference to Figures 11, 12 and 13. 



In Figure 11, the rotor element comprises a shaft 20 on 
0 which four stacks are arranged that each consists of a 
number of surface elements arranged at a mutual distance 
opposite each other with the respective top surface ele- 
ments 21,22,23,24 arranged in an uppermost plane. Each 
surface element has a free outer end and an inner end se- 
5 cured to the shaft. The uppermost face elements are ar- 
ranged with a constant mutual angular distance that cor- 
responds to an angle of 90 degrees as far as four top 
surface elements are concerned. 

0 As will appear from the figure, the surface elements in 
the individual stack are displaced relative to each other 
with the outer free ends arranged so as to generally form 
a helix. For each stack this helix extends at least over 
an angle corresponding to the angle between two succes- 
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sively arranged stacks. For an embodiment with four 
- stacks a helix thus extends over at least 90 degrees. In 
a particular case where only one stack is used, such 
stack will be able to extend a full rotation about the 
5 shaft, ie 360 degrees. 

The individual surface elements are configured and ar- 
ranged such that, in correspondence with their projection 
on a horizontal face, they overlap the surface element (s) 
that are adjacent to or arranged between, respectively, 
the individual surface elements, so as to eliminate 
spaces between the individual surface elements when the 
apparatus is viewed from above. This is shown in Figure 
12 that illustrates the apparatus according to Figure 11, 
15 seen from above. Hereby it is obtained that atmospheric 
precipitation falling within the expanse of the apparatus 
hits the surface elements and is thus able to settle in 
the form of ice. The larger the overlap between the indi- 
vidual surface elements, the larger a deviation from ver- 
tically falling atmospheric precipitation can be toler- 
ated, while ensuring this. 

In correspondence with the above teachings, the surface 
elements in the embodiment shown can advantageously be 
configured and arranged such that the individual surface 
elements corresponding to their projection on a vertical 
face abut on or overlap the surface elements (5) that ad- 
join or surround, respectively, the individual surface 
element so as to eliminate a space, if any, between the 
individual surface elements when the apparatus is seen 
from the side. Hereby it is obtained that the atmospheric 
air conveyed across the surface elements by the relative 
movement between the atmospheric air and the surface ele- 
ments hits a surface element and is thereby able to de- 
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posit the water contained therein as ice. This is in ac- 
cordance with the disclosures above with reference to 
Figure 5 . 

5 In an embodiment as shown in Figures 11 and 12 it is fur- 
ther ensured that the apparatus can be configured with 
the smallest possible outer dimensions. For instance, an 
embodiment with four stacks of each eleven surface ele- 
ments and a diameter of 70 cm has proven to be conven- 
10 ient. 

As will also appear from Figure 11, the individual sur- 
face elements are provided with a number of passageways 
25 through which air can be blown, heated air to deice 
15 the surface elements and air with ambient temperature for 
tempering the surface elements prior to the next measure- 
ment, respectively. According to a convenient embodiment 
the air is conveyed from the basis of the apparatus to 
the surface elements through the shaft 20. 

20 

In accordance with the embodiment shown in Figure 11, the 
surface elements are attached only to the shaft 20 in 
correspondence with their one end, and this is why the 
individual surface element is dimensioned to support it- 

25 self and resist the forces that will occur during the in- 
tended use of the apparatus. In an alternative embodiment 
shown in Figure 13, a large number of rather thin surface 
elements are used that will be secured partly in corre- 
spondence with their inner end to the shaft, partly se- 

30 cured with their outer end to a support structure. This 
support structure comprises an upper support element 30 
secured to the shaft by means of upper connecting means 
31 and a lower support member 32 secured to the shaft by 
means of lower connecting elements 33. Between the upper 
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and the lower support elements a number of outer support 
elements 34 are arranged, to which the outer end of the 
surface elements are secured. Corresponding to the above- 
described embodiment, four stacks of surface elements are 
also used herein that are in a corresponding manner sup- 
ported by four outer support elements 34. 

Corresponding to the embodiment shown in Figure 11, the 
surface elements have equal lengths, which means that 
each helix extends in a manner that corresponds to the 
surface of a cylinder and, likewise, the overall shape of 
the rotor element will be cylindrical. In the alternative 
embodiment shown in Figure 13, for each stack surface 
elements are used that have decreasing length towards the 
15 top of the apparatus; if the length decreases linearly 
the individual outer support element 34 will have a 
course corresponding to a helix on the surface of a cone, 
and - likewise - the overall shape of the rotor element 
will in that case be a cone. As stated above, the overall 
shape and dimensions of the rotor element and the cover 
will conveniently correspond to each other. For an em- 
bodiment of the apparatus like the one shown in Figures 6 
through 8, the rotor element should thus be semispheri- 
cal . 

25 

Of course, it is possible in case of both the described 
embodiments to arrange surface elements such that the he- 
lix-shape described is not a 'perfect' geometrical helix 
but merely what the person skilled in the art describes 
30 as "spiral-shaped". 

Obviously, on the basis of the above explanation of the 
principle underlying the invention, the person skilled in 
the art will readily be able to point to various embodi- 
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ments of the construction of an apparatus that is able to 
perform said process steps as well as to identify process 
parameters that are suitable therefor with due regard to 
the configuration of the apparatus, such as the period of 
5 time during which the surface elements are to be moved 
through the open air as shown in Figure 2 , and the rate 
at which the surface elements 3 are to be moved through 
the air in order to obtain suitable measurement results 
that are not considerably influenced in case atmospheric 
10 precipitation other than supercooled water and mist is 
deposited on the surface elements 3. Obviously, there is 
a correlation between the configuration of the apparatus 
itself and the operation parameters that ensure that the 
desired measurement results are obtained. 
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Claims 

1. A method for local measurement of an icing factor for 
..atmospheric air containing supercooled water, character- 
ised in that the method comprises the following process 
steps : 

wherein at least one surface element (3) is provided that 
is made of a material suitable for ice in atmospheric air 
to freeze on, said element having a predetermined surface 
area; 

wherein the surface element (s) is/are brought to a 
temperature that corresponds essentially to the 
temperature of the atmospheric air; 

wherein a relative movement at a predetermined velocity 
is subsequently created between the atmospheric air and 
the surface element (s), preferably by allowing the sur- 
face element (s) to move through the atmospheric air, and 
for a predetermined period of time; 

and wherein the thickness or mass of the ice frozen fast 
to the surface element(s) is subsequently measured by 
means of a measurement device configured therefor. 

2. A method according to claim 1, characterised in that 
the ice frozen fast i S/ following measurement its mass or 
thickness, removed from the surface element (s), whereupon 
a renewed measurement process can be performed. 
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3. A method according to claim 2, characterised in that 
the ice frozen fast is removed by heating of the surface 
element (s) . 

5 4. A method according to one of the preceding claims, 
characterised in that a cover is provided that extends at 
least across the surface element (s), and covers and 
shields the surface element (s); and said cover being re- 
moved from the surface element(s) at least for the prede- 
10 termined period of time during which the surface ele- 
ment(s) is /are moved through the atmospheric air at a 
predetermined rate . 

5 . A method according to claim 4 , characterised in that 
15 the surface element (s) is /are caused to move for a prede- 
termined period of time after the cover has reverted to 
its first position following a measurement procedure, 
whereupon the thickness or mass of the ice frozen fast on 
the surface element (s) is measured. 

20 

6. A method according to any one of the preceding claims, 
characterised in that the surface element (s) are caused 
to move through the atmospheric air at a velocity that 
ensures that atmospheric precipitation not frozen fast 

25 onto the surface element(s) is substantially thrown off 
the surface element (s). 

7. A method according to any one of the preceding claims, 
characterised in that at least two surface elements are 

30 used that are rotatably arranged on a rotor shaft; and 
that the movement of the two surface elements is accom- 
plished by a rotation of the rotor shaft. 



WO 00/54078 



24 



PCT/DK00/O0094 



8. An apparatus for local measurement of an icing factor 
for atmospheric air containing supercooled water, charac- 
terised in that the apparatus comprises at least a sur- 
face element (3) made of a material suitable for ice in 
atmospheric air to freeze on, wherein the surface ele- 
ment (s) has/have a predetermined surface area, and 
wherein the apparatus further comprises means (4) config- 
ured for moving the surface element (s) through the atmos- 
pheric air at a predetermined rate and for a predeter- 
mined period of time, and wherein further means (5) are 
provided for measuring the thickness or mass of the ice 
frozen fast onto the surface element (s) after the prede- 
termined period of time, during which the surface ele- 
ment^) has /have been moved through the atmospheric air. 

9. An apparatus according to claim 8, characterised in 
comprising a weighing device (5) configured for weighing 
and recording at least the weight of the surface ele- 
ments) .before and after the surface element (s) is/are 
caused to move through the atmospheric air; and that the 
apparatus preferably comprises means for heating the sur- 
face element (s). 

10. An apparatus according to claim 8 or 9 , characterised 
in that the apparatus comprises a rotor element with a 
rotor shaft (2), and at least two surface elements (3) 
that extend from the rotor shaft and protrude there from, 
and wherein means (4) are provided for rotating the rotor 
abut its axis. 

11. An apparatus according to any one of claims 8 through 
10, characterised in that the apparatus comprises a cover 
(6) whose inside faces towards the surface elements and 
which is configured for occupying a first position in 
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which it extends across the surface element(s) that 
is/are hereby covered upwardly, and a second position in 
which the cover is removed and does not cover the surface 
element ( s ) . 

5 

12. An apparatus according to claim 11, characterised in 
that the cover is configured such that it forms, in its 
first position, a closed space (7) around the surface 
element (s) . 

10 

13. An apparatus according to claim 12, characterised in 
that means (8,9) are provided for heating the closed 
space underneath the cover. 

15 14. An apparatus according to any one of claims 11 
through 13, characterised in that the apparatus is con- 
figured for moving the surface element (s) for a predeter- 
mined period of time after the cover (6) has, following a 
measurement procedure, reverted to its first position, 

20 whereupon the thickness or mass of ice frozen fast can be 
determined . 

15. An apparatus according to any one of claims 11 
through 14, characterised in that the cover is, in its 

25 second position, positioned such that its inside is sub- 
stantially protected against atmospheric precipitation 
and consequently remains dry. 

16. An apparatus according to any one of claims 8 through 
30 15, characterised in that the surface element (s) each 

consists of a plate having a front (13) and a back (14) 
oriented opposite thereto, and wherein the plate is 
configured in such a manner that the front of the plate 
faces in the direction in which the respective surface 
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element is moved through the atmospheric air, and wherein 
- through the plate - a plurality of passageways (10) ex- 
tend from the front of the plate to its back such that 
the atmospheric air is allowed to flow through the pas- 
sageways from the front of the plate to the back of the 
plate. 



17. An apparatus according to any one of claims 8 through 
16, characterised in that the apparatus comprises a sys- 
tem of surface elements (21,22,23,24) mounted on a ro- 
tatable shaft (20) configured for being positioned in an 
essentially vertical position; and wherein the individual 
surface elements are configured and arranged such that 
the individual surface elements, corresponding to their 
projection on a face perpendicular to the rotatable 
shaft, abuts on or overlaps other surface elements, 
whereby it is accomplished that there is no space between 
the individual surface elements when the apparatus is 
viewed from above, and thus that all atmospheric precipi- 
tation falling within the expanse of the apparatus, when 
the rotatable shaft is positioned vertically, essentially 
hits the surface elements and is thus able to settle in 
the form of ice . 

18. An apparatus according to claim 17, characterised in 
that the surface elements are configured and arranged 
such that the individual surface elements corresponding 
to their projection on a face parallel with the rotatable 
shaft (20) abuts on or overlaps other surface elements, 
whereby there is no space between the individual surface 
elements, when the apparatus is viewed from the side, and 
such that the atmospheric air conveyed across the surface 
elements in a direction substantially perpendicular to 
the shaft by a relative movement between the atmospheric 
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air and the surface elements substantially hits a surface 
element and is thus able to deposit the water contained 
therein as ice . 

5 19 . An apparatus according to any one of claims 8 through 

18, characterised in that the surface elements are con- 
figured with passageways; and that the apparatus com- 
prises means such that air can be conveyed through the 
passageways, preferably in the form of either heated air 

10 or air essentially with ambient temperature. 

20. An apparatus according to any one of claims 8 through 

19, characterised in that the apparatus is arranged at 
ground level in an airport; and that the apparatus com- 

15 prises means for recording the measurement results for 
the thickness or mass of the ice deposited on the surface 
element (s), and means for visually or auditively emitting 
a signal to the monitoring personnel about the measure- 
ment result, preferably by the apparatus comprising means 

2 0 that can convert the thickness or mass measured into a 
value that will be indicative of a risk of icing. 
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INTERNATIONAL PRELIMINARY 
, EXAMINATION REPORT International application No. PCT/DK00/00094 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70.17).): 

Description, pages: 

1 ,5-21 as originally filed 

2-4,4a as received on 22/02/2001 with letter of 19/02/2001 
Claims, No.: 

1-23 as received on 22/02/2001 with letter of 19/02/2001 
Drawings, sheets: 

1/8-5/8,7/8,8/8 as originally filed 

6/8 as received on 22/02/2001 with letter of 19/02/2001 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 1) (July 1998) 



r oj 



INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT 

i 



International application No. PCT/DK00/00094 



4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1 to 23 

No: Claims 

Inventive step (IS) Yes: Claims 1 to 23 

No: Claims 

Industrial applicability (IA) Yes: Claims 1 to 23 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Form PCT/lPEA/409 (Boxes l-VIII, Sheet 2) (July 1998) 



t 
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The following documents (D) cited in the International Search Report are refrrred to in 
this International Preliminary Examination Report. 

D1 : US - A - 3 940 622 
D2: US- A-5 317915 



V. Reasoned Statement with Respect to the Requirements of Article 33 PCT 

Novelty: Document D1 describes an apparatus for determining an icing factor for 
atmospheric air containing supercooled water, wherein a flow of ambient air is created 
over a surface element for a predetermined period of time. The surface element is 
made of a material which is suitable for ice in atmospheric air to freeze on. The 
thickness of the ice cover is periodically measured whereupon the surface element is 
heated to remove the ice. 

The subject matter of independent method claim 1 and independent apparatus claim 8 
differs from this device known from document D1 in that the surface element is moved 
through the atmospheric air for a predetermined period of time and then, after the 
predetermined period of time, the thickness or mass of the ice frozen on the surface 
element is determined; 

Inventive Step: If an air flow is created, the supercooled water tends to deposit on 
guiding elements for the air flow. This results in unpredictable influences on the air 
stream and can even lead to an interruption of the air flow. In order to avoid such 
problems, in document D1 , the air flow is created by a heated primary gas through jet 
outlets arranged around the surface element. This heated primary gas, however, 
influences the temperature of the measured air flow with respect to the temperature of 
the ambient air. By simply moving the surface element through the ambient atmos- 
pheric air, all these problems are easily avoided. 

Document D2 describes a helicopter including means for measuring the weight of the 
rotor during flight. Ice deposited on the rotor blades can thus be detected. Since 
measuring of the rotor weight for detecting icing only when the engine is stopped would 
lead to a crash, this document does not anticipate the claimed method and apparatus. 
The combination of documents D1 and D2 is not obvious, because they concern 
completely different aspects of ice deposition warning. 
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Industrial Applicability: The claimed method / apparatus can be used e.g. on an 
airport for giving an indication of the risk of ice deposition from supercooled water in the 
air. 

Dependent claims 2 to 7 concern additional method steps to the method defined in 
independent claim 1. Dependent claims 9 to 23 concern additional features to the 
apparatus defined in independent claim 8. 

Therefore, the dependent claims also meet the requirements of Article 33 PCT with 
respect to novelty, inventive step and industrial applicability. 

VII. Certain Defects in the International Application 

The word "wherein" at the beginning of each method step in independent claim 1 (see 
lines 6, 12, 16 and 22) is unnecessary and should be deleted. 
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for carrying out a more standardised measurement of the 
amount of atmospheric precipitation. 

Thus, US patent No 4,730,485 teaches a stationary meas- 
5 urement device configured for measuring wind velocity as 
well as wind direction, but it is also suitable for meas- 
urement of the current icing. 



Published NO patent application No 151,060 discloses a 
stationary weighing apparatus for weighing an amount of 
atmospheric precipitation in the form of snow or ice -that 
settles on a substantially horizontal weighing plate. 

However, it is a problem in connection with these prior 
15 art devices that icing often occurs in situations when 
the air is relatively still, and that the icing factor 
measured by such devices are erroneous since only small 
amounts of ice are deposited on the devices. 

20 it is a further problem in connection with the prior art 
device known from published NO patent 'application No 
151,060 that atmospheric precipitation other than super- 
cooled water may deposit on the weighing plate and thus 
an erroneous weighing results in relation to the icing 

25 factor. 

US patent 3 940 622 discloses a detector for detecting 
the rate of ice- format ion . In order to provide an in- 
stream of air, ambient air flow is created by inducing a 
primary gas into a duct, the primary gas being supplied, 
for example, by the engine compressor of a VTOL aircraft. 



US patent 5 317 915 is concerned with the problem of de- 
tecting icing-up of a rotor of an aircraft. This known 
35 measuring device comprises means for determining an axial 
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load on the rotor axis under dynamic circumstances/ i.e 
during operation of the rotor. 



It is therefore the object of the present invention to 
5 provide a method and an apparatus whereby it is possible, 
in almost all weather conditions, in particular also 
light winds and still air, to provide a standardised 
measurement result or a standardised value for the icing 
factor . 

10 

This is achieved with the present invention by the method 
according to claim 1, or by use of an apparatus according 
to claim 8 . 

15 The method according to the present invention thus com- 
prises the following process steps, wherein at least one 
surface element is provided that is made of a material 
suitable for ice in atmospheric air to freeze on, said 
element having a predetermined surface area, wherein the 

20 surface element (s) is/are brought to a temperature that 
corresponds essentially to the temperature of the. atmos- 
pheric air, wherein a relative movement at a predeter- 
mined velocity is subsequently created between the atmos- 
pheric air and .the surface element (s) by allowing the 

25 surface element (s) to move through the atmospheric air, 
and for a predetermined period of time, and wherein the 
thickness or mass of ' the ice frozen fast to the surface 
element (s) is subsequently measured by means of a meas- 
urement device configured therefore after said predeter- 

30 mined period of time. 

This means, on the one hand, that atmospheric precipita- 
tion other than supercooled raindrops or mist can only 
with difficulty settle' on the surface elements and ad- 
35 versely influence the measurement results, and that it is 
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hereby possible to perform relatively accurate measure- 
ments of the icing factor, also in relatively still air. 



In case the factor measured is the thickness of the ice 
layer, it is advantageous - to obtain a representative 
value therefore - to measure in a number of points, pref- 
erably in one or more points on each surface element, the 
measurement results subsequently being summarised to a 
single value. 

The value thus measured for the thickness of ice layer or 
weight increase will be a standardised factor that indi- 
cates a relative risk of icing of eg aeroplanes or ves- 
sels in the area in which measurement is performed.- It 
goes without saying that the value can only be indicative 
of the risk since, obviously, it will vary more or less 
compared to the place where the measurement was per- 
formed . 



20 The method can advantageously be exercised by use of an 
apparatus as featured in claim S, said apparatus compris- 
ing at least one surface element (3) made of a material 
suitable for ice in atmospheric air to freeze on, wherein 
the surface element (s) has/have a predetermined surface 

25 area, and wherein the apparatus further comprises means 
(4- configured for moving the surface element (s) through 
the atmospheric air at a predetermined .rate and for a 
predetermined period of time, and wherein further means 
(5) are provided for measuring the thickness or mass of 

30 the ice frozen fast onto the surface element (s) after the 
predetermined period of time, during which the surface 
element (s) has/have been moved through the atmospheric 
air . 

35 According to a preferred embodiment of the method, it is 
ensured that frozen-on ice, if any, is removed prior to a 





first measurement, and likewise the frozen-on ice is re- 
moved from the individual surface element following meas- 
urement of its mass or thickness, whereupon a renewed 
measurement process can be performed. Advantageously, 
5 such removal of the ice can be accomplished by heating of 
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Claims 

1. A method for local measurement of an icing factor for 
atmospheric air containing supercooled water, the method 
comprising the following process steps: 

wherein at least one surface element (3) is provided that 
is made of a material suitable for ice in atmospheric air 
to freeze on, said element having a predetermined surface 
area ; 

wherein the surface element (s) is/are brought to a 
temperature that corresponds essentially to the 
temperature of the atmospheric air; 

wherein a relative movement at a predetermined velocity 
is subsequently created between the atmospheric air and 
the surface element (s) by allowing the surface element (s) 
to move through the atmospheric air, and for a predeter- 
mined period of time; 

and wherein the thickness or mass of the ice frozen fast 
to the surface element (s) is subsequently measured by 
means of a measurement device configured therefore after 
said predetermined period of time. 

2. A method according to claim 1, wherein the ice frozen 
fast is, following measurement its mass or thickness, re- 
moved from the surface element (s) , whereupon a renewed 
measurement process can be performed. 

3. A method according to claim 2, wherein the ice frozen 
fast is removed by heating of the surface element (s). 

4. A method according to any one of the preceding claims, 
wherein a cover is provided that in a first position ex- 
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tends at least across the surface element (s), and covers 
and shields the surface element (s) ; and said cover being 
removed from the surface element (s) at least for the pre- 
determined period of time during which the surface ele- 
5 ment(s) is/are moved through the atmospheric air at a 
predetermined rate. 

5. A method according to claim 4, wherein the surface 
element (s) is/are caused to move for a predetermined pe- 
10 riod of time after the cover has reverted to its first 
position following a measurement procedure, whereupon the 
thickness or mass of the ice frozen fast on the surface 
element (s) is measured. 

15 6. A method according to any one of the preceding claims, 
wherein the surface element (s) are caused to move through 
the atmospheric air at a velocity that ensures that at- 
mospheric precipitation not frozen fast onto the surface 
element (s) is substantially thrown off the surface ele- 

20 ment (s) . 

7. A method according to any one of the preceding claims, 
wherein at least two surface elements are used that are 
rotatably arranged on a rotor shaft; and that the move- 
25 ment of the two surface elements is accomplished by a ro- 
tation of the rotor shaft. 



8. An apparatus for local measurement of an icing factor 
for atmospheric air containing supercooled water, wherein 

30 the apparatus comprises at least a surface element (3) 
made of a material suitable for ice in atmospheric air to 
freeze on, wherein the surface element (s) has/have a pre- 
determined surface area, and wherein the apparatus fur- 
ther comprises means (4) configured for moving the sur- 

35 face element (s) through the atmospheric air at a prede- 
termined rate and for a predetermined period of time, and 
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wherein further means (5) are provided for measuring the 
thickness or mass of the ice frozen fast onto the surface 
element (s) after the predetermined period of time, during 
which the surface element (s) has/have been moved through 
5 the atmospheric air. 

9, An apparatus according to claim 8, comprising a weigh- 
ing device (5) configured for weighing and recording at 
least the weight of the surface element (s) before and af- 

10 ter the surface element (s) is/are caused to move through 
the atmospheric air. 

1C. An apparatus according to claim 8 or 9, comprising 
means for heating the surface element (s) . 

15 

11. An apparatus according to any one of claims 8 through 

10, wherein the apparatus comprises a rotor element with 
a rotor shaft (2) , and at least two surface elements (3) 
that extend from the rotor shaft and protrude there from, 

20 ana wherein means (4) are provided for rotating the rotor 
abut its axis. 

12. An apparatus according to any one of claims 8 through 

11, wherein the apparatus comprises a cover (6) whose in- 
25 side faces towards the surface elements and which is con- 
figured for occupying a first position in which it ex- 
tends across the surface element (s) that is/are hereby 
covered upwardly, and a second position in which the 
cover is removed and does not cover the surface ele- 

30 ment (s) . 

13. An apparatus according to claim 12, wherein the cover 
is configured such that it forms, in its first position, 
a closed space (7) around the surface element (s). 

35 
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14. An apparatus according to claim 13, wherein means 
(8,9) are provided for heating the closed space under- 
neath the cover. 



5 15. An apparatus according to any one of claims 12 
through 14, wherein the apparatus is configured for mov- 
ing the surface element (s) for a predetermined period of 
time after the cover (6) has, following a measurement 
procedure, reverted to its first position, whereupon the 
10 thickness or mass of ice frozen fast can be determined. 

16. An apparatus according to any one of claims 12 
through 15, wherein- the cover is, in its second position, 
positioned such that its inside is substantially pro- 
15 tected against atmospheric precipitation and consequently 
remains dry. 



17. An apparatus according to any one of claims 8 through 

16, wherein the surface element (s) each consists of a 
20 plate having a front (13) and a back (14) oriented oppo- 
site thereto, and wherein the plate is configured in such 
a manner that the front of the plate faces in the direc- 
tion in which the respective surface element is moved 
through the atmospheric air, and wherein - through the 

25 plate - a plurality of passageways (10) extend from the 
front of the plate to its back such that the atmospheric 
air is ' allowed to flow through the passageways from the 
front of the plate to the back of the plate. 

30 18. An apparatus according to any one of claims 8 through 

17, wherein the apparatus comprises a system of surface 
elements (21,22,23,24) mounted on a rotatable shaft (20) 
configured for being positioned in an essentially verti- 
cal position; and wherein the individual surface elements 

35 are configured and arranged such that the individual sur- 
face elements, corresponding to their projection on a 
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face perpendicular to the rotatable shaft, abuts on or 
overlaps other surface elements, whereby it is accom- 
plished that there is no space between the individual 
surface elements when the apparatus is viewed from above, 
and thus that all atmospheric precipitation falling 
within the expanse of the apparatus, when the rotatable 
shaft is positioned vertically, essentially hits the sur- 
face elements and is thus able to settle in the form of 
ice . 

19. An apparatus according to claim 18, wherein the sur- 
face elements are configured and arranged such that the 
individual surface elements corresponding to their pro- 
jection on a face parallel with the rotatable shaft (20) 
abuts on or overlaps other surface elements, whereby 
there is no space between the individual surface ele- 
ments, when the apparatus is viewed from the side, and 
such that the atmospheric air conveyed across the surface 
elements in a direction substantially perpendicular to 
the shaft by a relative movement between the atmospheric 
air and the. surface elements substantially hits a surface 
element and is thus able to deposit the water contained 
therein as ice. 



20. An apparatus according to any one of claims 8 through 
19, wherein the surface elements are configured with pas- 
sageways; and that the apparatus comprises means such 
that air can be conveyed through the passageways. 

21. An apparatus according to claim 20, wherein the appa- 
ratus comprises means for providing air in the form of 
either heated air or air essentially with ambient tem- 
perature. 



35 22. An apparatus according to any one of claims 8 through 
21, wherein the apparatus is arranged at ground level in 
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an airport; and that the apparatus comprises means for 
recording the measurement results for the thickness or 
mass of the ice deposited on the surface element (s) , and 
means for visually or auditively emitting a signal to the 
5 monitoring personnel about the measurement result. 

23. An apparatus according to claim 22, wherein the appa- 
ratus comprises means for converting the thickness or 
mass measured into a value that will be indicative of a 
10 risk of icing. 
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